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Abstract
We study an extension of the supersymmetric standard model introducing a pair of elec-
troweak triplet Higgs elds  and . The neutrinos acquire Majorana masses mediated by
the triplet Higgs elds rather than the heavy right-handed neutrinos. The successful lepto-
genesis for baryogenesis can be realized after inflation through the Aeck-Dine mechanism
with a novel flat direction consisting of the triplet Higgs ,  and anti-slepton ~ec, even if the
triplet Higgs mass is much larger than the gravitino mass m3/2  103GeV. In this model, the
leptogenesis and neutrino masses stem from dierent sources, though the triplet Higgs elds
are involved in both of them. Hence, the leptogenesis does not provide a direct constraint
on the neutrino masses. This is in contrast to the case with the ~LHu flat direction, where





The experiment of the atmospheric neutrinos by the SuperKamiokande collaboration indi-
cated a convincing evidence for the neutrino masses and oscillations [1]. This hence will
require some extension of the standard model by introducing lepton number nonconserv-
ing interactions. The natural explanation of the small Majorana neutrino masses is usually
made by the see-saw mechanism with heavy right-handed electroweak singlet neutrinos [2].
It is also noted that the eective higher dimensional operator LLHuHu providing the small
neutrino masses is generated even through the exchange of heavy triplet Higgs eld (L and
Hu are the lepton and Higgs doublets, respectively) [3].
The lepton number violating interactions responsible for the nonzero neutrino masses,
which may involve the right-handed neutrinos or the triplet Higgs as mentioned above, will
even have important eects in the early universe. In particular, they can be relevant for the
generation of lepton number asymmetry, i.e., leptogenesis. Then, the lepton number asym-
metry can further produce the sucient baryon number asymmetry through the anomalous
sphaleron processes in the electroweak gauge theory [4]. Therefore, the leptogenesis in the
early universe is a very interesting issue in the extensions of the standard model involving
the lepton number violating interactions.
There are two types of scenarios for leptogenesis. One is due to the non-equilibrium
decays of heavy particles, and the other is the Aeck-Dine mechanism [5, 6]. Both scenarios
have been fully explored in the see-saw case, i.e., the decay of right-handed neutrinos which
are produced either thermally or non-thermally [4, 7, 8], and the Aeck-Dine mechanism
with the ~LHu flat direction [6, 9, 10, 11].
On the other hand, the triplet Higgs case has not been examined suciently so far.
Recently, the non-equilibrium decay of triplet Higgs has been considered in a supersymmetric
model [12, 13]. In this triplet Higgs decay scenario, it is required that the mass of triplet
Higgs should be less than the reheating temperature TR after inflation, which is bounded
to be lower than 108 − 1010 GeV to avoid the gravitino problem [14, 15]. It is also shown
that two pairs of triplet Higgs are needed to provide the CP violating phase for leptogenesis.
Furthermore, the masses of triplet Higgs should be almost degenerate in order to generate
a sucient lepton number asymmetry. Hence, it seems that the successful leptogenesis is
obtained in a rather restricted situation in this triplet Higgs decay scenario.
The Aeck-Dine leptogenesis has been investigated so far for the ~LHu flat direction,
where the leptogenesis and the neutrino masses are related directly. It is claried recently
that if the thermal eect [16] and gravitino problem [14, 15] are taken into account, the
mass of the lightest neutrino should be less than of the order of 10−8 eV [10, 11] to generate
the sucient lepton number asymmetry. The existence of this ultra light neutrino seems
somewhat unnatural by considering the neutrino mass range to resolve the atmospheric
neutrino anomaly and solar neutrino decit.
As an alternative possibility, we investigate in this article the Aeck-Dine leptogenesis
in an extension of the minimal supersymmetric standard model including the triplet Higgs.
Specically, we consider a novel flat direction involving the triplet Higgs in order to generate
the sucient lepton number asymmetry. Since this triplet Higgs case does not rely on the
~LHu direction, the ultra light neutrino mass can be evaded. It is also an interesting feature
in this scenario that the Aeck-Dine leptogenesis with triplet Higgs can be realized at a
rather early time  (triplet Higgs mass)−1, which may be much smaller than m−13/2. This is
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in contrast to the usual Aeck-Dine leptogenesis employing the ~LHu flat direction.
Model
Our leptogenesis scenario is implemented in an extension of the minimal supersymmetric
standard model by introducing a pair of triplet Higgs superelds with gauge anomaly can-
cellation. The triplet Higgs superelds are listed as follows with their quantum numbers of
SU(3)C  SU(2)L  U(1)Y :
 = (++, +, 0) = (1, 3, 1),  = ( 0, −, −−) = (1, 3,−1). (1)
The generic R-parity preserving superpotential relevant for the leptons and Higgs is given
by
W = hLHde
c + µHuHd + M∆  + f1LL + f2HdHd + f3 HuHu, (2)









where M represents some very large mass scale such as the grand unication or Planck
scale. Other non-renormalizable terms may exist as well, though they are not relevant for
the leptogenesis investigated here.
The triplet Higgs elds are R-parity even, and their lepton numbers are assigned as
L() = −2, L( ) = 2. (4)
Then, the triplet Higgs mass term M∆ and the f1 coupling are lepton number conserving,
while the lepton number violation is provided by the f2 and f3 couplings and also the λL/
term in Wnon.
It is noticed in eq. (2) that the triplet Higgs  couples to the two lepton doublets LL.
Hence, if 0 develops a vev (vacuum expectation value), then the ordinary neutrinos acquire
Majorana masses through this f1 coupling. In fact, by checking the vanishing of F -terms
we nd that in the supersymmetric limit the following vevs are induced for the triplet Higgs
elds through the electroweak gauge symmetry breaking:
h 0i = −f2hHdi
2
M∆




where v  [hHui2 + hHdi2]1/2 = 174GeV. The soft supersymmetry breaking terms also pro-
vide sub-leading contributions  (v2/M∆)(m3/2/M∆) with M∆ & m3/2 for these vevs. Since
these vevs are induced by the couplings explicitly violating the lepton number conservation,
the so-called triplet Majoron does not appear from the  and  elds, which rather acquire








This neutrino mass matrix should provide an eigenvalue  10−2 − 10−3eV, in particular, in
order to resolve the atmospheric neutrino anomaly. Then, the following condition is required







Here, we consider for example the case of M∆  m3/2  103 GeV . This condition may
be realized for reasonable values of f1, f3  10−2, if the triplet Higgs elds are very heavy
with M∆  1011GeV. [3]. It should be noted that the triplet Higgs mass can be heavy as
long as the condition M∆  Hinf (the Hubble parameter during inflation) is satised for the
Aeck-Dine leptogenesis with triplet Higgs.
An alternative way to realize the condition (7) from the neutrino mass may be considered,
which is valid even for M∆  m3/2. That is the lepton number violation may originate in the
ultra high energy scale M such as the grand unication or Planck scale. Then, the eective
lepton number violation will appear as non-renormalizable terms in the electroweak scale,
being suppressed by this large scale M . Specically, the f2 and f3 terms may be replaced
by the following ones,









Here the gauge singlet eld S with mass  m3/2 is also assumed to be present in the
electroweak scale. This singlet eld S may develop a vev hSi  m3/2  103GeV. Then, the












Now, if M  1016GeV or larger, the condition (7) for the neutrino masses is satised for the
reasonable values of f1 and f
0
3 even in the case of M∆  103GeV.
In any case, it is reasonably expected that the lepton number violating couplings f2
and f3 are much smaller than the lepton number conserving coupling f1. Then, the triplet
Higgs  ( ) decays predominantly to two anti-leptons (leptons) through the f1 coupling.
Therefore, the triplet Higgs elds are considered to carry almost the denite lepton numbers
as assigned in eq. (4). This feature turns to be relevant for the leptogenesis with triplet
Higgs, which will be examined in the following.
Flat Directions
We assume that the triplet Higgs mass is negligible at the end of inflation,
M∆  Hinf , (10)
though it may be much larger than the gravitino mass, M∆  m3/2. Then, the triplet Higgs






FHu = µHd + 2f3 Hu,
FHd = hLe
c + µHu + 2f2Hd,
F∆ = M∆  + f1LL + f2HdHd,
F∆¯ = M∆ + f3HuHu. (11)
The usual ~LHu direction will be no longer a flat direction, since jF∆j2 provides a signicant
quartic coupling for ~L unless f1 is extremely small. (It can be considered as a flat direction
even in this model, if the triplet Higgs elds are very heavy with M∆  M so as to be
integrated out in the eective electroweak theory, providing the non-renormalizable term
LHuLHu). We rather examine a flat direction involving the triplet Higgs elds for the
leptogenesis. It is specied by the D-flat condition
j+j2 − j −j2 + j~ecj2 = 0, (12)
and the other elds are all vanishing for the F -flat condition except for the contribution of
M∆. We consider in the following the one generation of ~e
c for simplicity. It should be noticed
that this flat conguration space is complex two-dimensional. Hence, it is characterized by
two complex AD elds rather than one. This manifold appears to be flat enough under the
above condition M∆  Hinf until the Hubble parameter decreases to M∆. (This situation
is similar to the µ term in the case of ~LHu flat direction.) The gauge singlet combinations
representing this flat manifold relevant for the leptogenesis are  and ~ec~ec, as given
in eq. (3).
Aﬄeck-Dine Leptogenesis
We estimate the lepton number asymmetry generated by the Aeck-Dine mechanism with
triplet Higgs in the present model. The relevant complex two-dimensional flat manifold is






































(a∆H + A∆m3/2)λ∆  + h.c.
]
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+ g02(jj2 − j j2 + j~ecj2)2 (13)
(  + and   − henceforth for simplicity of notation). The last term with U(1)Y
gauge coupling g0 is included to realize the D-flat condition (12) for the large enough jj,
j j, j~ecj. The inflaton oscillates coherently after the inflation, and it dominates the energy of
the universe. The non-zero energy of the inflaton provides the soft supersymmetry breaking
terms  H (the Hubble parameter).
The evolution of the scalar elds are governed by the equations of motion,




for φa = , , ~e
c. The Hubble parameter varies in time as H = (2/3)t−1 in the matter-
dominated universe. When H  M∆, the scalar elds take the large values around the




where λ represents a certain mean value of λL/ and λ∆. The phases θa and the numerical
factors ra  1 are actually determined depending on the values of the parameters in the
scalar potential.
The Hubble parameter eventually decreases after the inflation, and when it becomes as
H  HLG  M∆ (t M−1∆ ), (16)
the scalar elds start to oscillate with the initial magnitude
jφa(t)j  jφLGj 
√
M∆(M/λ). (17)
The lepton number asymmetry can be generated around this time t  M−1∆ . The lepton
number is determined by the contributions of the relevant particles as
nL = 2n∆¯ − 2n∆ −nec , (18)
where the particle number asymmetry (particl number− anti-particle number) is calculated
with the homogeneous coherent scalar eld φa(t) by
na  na − na = i(φa _φa − _φaφa). (19)
The nonzero lepton number asymmetry is generated through the evolution of the scalar
elds, as examined below. On the other hand, by considering the symmetry structure of the
M∆, λ and λ∆ terms, the electric charge conservation should be maintained:
n∆ −n∆¯ + nec = 0. (20)
The CP violating phases relevant for the leptogenesis are identied as follows. The λL/
and λ∆ couplings may be made real by adjusting the phases of the  and e
c elds. Then,
the aL/ term may further be made real by the phase transformation of  eld. Hence, in
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this phase convention, the necessary CP violation is provided, in particular, for the case of
M∆  m3/2 by
δCP  arg(a∆), arg(b∆). (21)
If M∆  m3/2, other phases are also available for the CP violation from the A and B terms
 m3/2.
The rotation of the scalar eld phases takes place around t  M−1∆ , as conrmed by
solving the equation of motion (14) numerically with the initial values (15) at t  M−1∆ .
Then, the lepton number asymmetry is generated as
nL(t) = (H/HLG)
2L(t)nφLG , (22)
where the redshift due to H = (2/3)t−1 is considered, and the suitable average of the scalar
particle number densities is introduced by
nφLG M∆jφLGj2 = M2∆(M/λ). (23)
The parameter L(t) represents the fraction of the lepton number asymmetry, which is related
to the CP violation δCP . After the lepton number asymmetry is generated around t M−1∆ ,
it is soon saturated to certain nonzero value as
L(t)  L (t M−1∆ ). (24)
This lepton asymmetry can really be of O(1) for reasonable values of the model parameters.
We have made numerical calculations to observe the generation of lepton number asym-
metry in the present model with triplet Higgs elds. Some typical values are taken for the
model parameters as
M∆/m3/2 = 1− 103, m3/2 = 103GeV, (25)
M = 1018GeV,
λL/ = λ∆ = λ = 10
−2,
Ca = ca = 1, AL/ = A∆ = B = 1,
aL/ = ja∆j = jb∆j = 1,
arg(a∆) = (1/3)pi, arg(b∆) = (2/3)pi.
The motion of the scalar elds φa is depicted in Fig. 1 for t/(M
−1
∆ )  1 − 20 in the
case of M∆/m3/2 = 10
3. The initial phases θa of the elds are calculated in practice as
θa ’ pi/4 for the above parameter values, indicating that the aL/ and a∆ terms are important
in determining the minimum of V for H  M∆. It is readily observed in Fig. 1 that the
scalar elds are rotating with frequency M∆ in the complex plain.
The resultant fraction of lepton number asymmetry L(t) is then shown in Fig. 2. It
actually approaches a nonzero value  1 for t & 10M−1∆ . It is a salient feature of our scenario
for the Aeck-Dine leptogenesis with triplet Higgs that similar lepton number asymmetry
is obtain either M∆  m3/2 or M∆  m3/2, as conrmed by the numerical calculations.
This is due the fact that the triplet Higgs elds  and  form a lepton number conserving
gauge singlet mass term M∆. This mass term drives the rotation of the scalar elds phases
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for H  M∆, rather than the soft supersymmetry breaking mass terms  m3/2. Since the
leptogenesis can take place in this case around t  M−1∆  m−13/2 suciently before the
inflaton decay, the problem of evaporation of the AD condensates by the dilute plasma will
be evaded.
The coherent oscillation of the inflaton dominates the energy density of the universe





























where MP = mP/
p
8pi = 2.4 1018GeV is the reduced Planck mass. This lepton asymmetry
is converted partially to baryon asymmetry through the electroweak anomalous eect. The
chemical equilibrium between lepton and baryon leads the ratio nB ’ 0.35nL [17]. Therefore,
if the leptogenesis with the triplet Higgs is nearly maximal with L  0.1− 1, as seen in Fig.
2, the sucient baryon to entropy ratio is provided as required from the nucleosynthesis [18],
nB
s
= (1.7− 7.1) 10−11. (28)
One may take seriously the non-thermal gravitino production. Then, the reheating temper-
ature may be signicantly lower than 108 GeV [15]. Even in this case, if λ is small enough,
the baryon asymmetry can be generated.
Conclusion
We have examined the Aeck-Dine leptogenesis with the flat scalar eld space consisting of
the triplet Higgs ,  and anti-slepton ~ec. We have conrmed that the signicant lepton
number asymmetry can be produced, which is sucient for the baryon number asymmetry
through the anomalous electroweak eect. In this case with triplet Higgs, an ultra light
neutrino is not required in contrast to the case with ~LHu flat direction. This is because the
lepton number violating source responsible for the Aeck-Dine leptogenesis is dierent from
that providing the small neutrino masses. It is also a salient feature in the present case that
the Aeck-Dine leptogenesis can take place at a rather early time M−1∆ if the triplet Higgs
elds are very heavy with M∆  m3/2.
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Figure 1: The trajectories of the scalar elds, the real part (x-axis) and imaginary part
(y-axis), are depicted in unit of jφLGj. 10
Figure 2: The fraction of lepton number asymmetry as a function of time in unit of M−1∆ .
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